We have synthesized LiMn 2−x Fe x O 4 (x = 0, 0.25, and 0.50) cathode materials for applications in Li ion rechargeable batteries via sol-gel method. We studied thermal characteristics of as synthesized materials using differential scanning calorimetry (DSC) and thermogravimetric analysis (TGA). In order to optimize the synthesis conditions, we studied X-ray diffraction (XRD) of synthesized cathode materials at various temperatures, based on the transitions obtained from DSC/TGA. The XRD results can be co-related to the thermal behavior of the synthesized cathode materials and the synthesis conditions optimized.
Introduction
Due to technological developments and the continuous depletion of fossil fuel, the development of new power sources is of great interest. With the recent developments in the area of green energy production such as solar and wind energy, the need for high energy density energy storage devices has become equally important [1] [2] [3] . Li ion batteries have the highest energy densities among the commercially available rechargeable batteries [4] [5] . The commercially available Li ion batteries suffer from various drawbacks such as poor cyclability, rate performances and toxicity [6] . Keeping this in view, the research communi-ty is working towards the development of new cathode materials [7] [8] [9] [10] [11] . The preparation of phase pure cathode materials for Li ion rechargeable batteries is very time consuming, since the process involves trying so many combinations of temperature and annealing time. Various authors have analyzed thermal behaviors in conjunction with X-ray diffraction (XRD), to understand the reaction mechanism for the synthesis of LiMn 2 O 4 cathode materials. There is the need to continue work in this area to optimize the synthesis of these very important groups of energy storage materials.
In order to get a better understanding of the different possible by-products, Berbenni and Marini [12] Michalska and coworkers [15] have studied the important stages of the syntheses of nanocrystalline lithium-manganese oxide spinels using DSC-TGA measurements. They found that DSC/TGA/XRD data are co-related to each other, and all major thermal events, for all precursors occur between 500˚C -700˚C.
The mass loss during the synthesis procedure was between 51% and 64%, depending on the material. Above 700˚C pure spinal phase is obtained, as confirmed by X-ray diffraction studies.
The thermal behavior of LiMn 2 O 4 spinal was studied by Molenda and coworkers [16] using DSC/TGA in the temperature range of 300˚C -900˚C in air atmosphere. They reported that the changes of mass within the studied temperature range are related to arrangement of the structure accompanied by the disappearance of cations vacancies and by the formation of the stoichiometric LiMn 2 O 4 . In the range of 820˚C -925˚C, the mass changes corresponds to the formation or disappearance of the oxygen vacancies, while above 925˚C Mn 3 O 4 and LiMnO 2 phases were formed and released oxygen.
In this paper, we have synthesized LiMn 2−x Fe x O 4 (x = 0.0, 0.25 and 0.50) spinel cathode materials via sol-gel method. The thermal behavior of the synthesized spinel cathode materials during the calcinations process were studied using DSC/TGA. The results of thermal analysis were correlated with XRD data in order to optimize the synthesis process to obtain the phase pure materials. may be due to the defects in structure. Additionally, the peaks are less intense and broader, which may be due to the lower crystallinity. Furthermore, as the calcinations temperature increases, the peaks become more sharp and intense, which may be due to the increased crystallinity. These results are in agreement as reported earlier by Molenda and coworkers [16] .
Experimental

Results and Discussions
It can be seen from Figures 1-3 that there is mass loss starting at about 380˚C and corresponding exothermic peak is observed. This may be due to the organic removal and removal of oxygen. Figure 6 ] showed that phase pure material at 755˚C. Table  1 [17] . The crystallite size was calculated using Scherer's equation. The average crystallite sizes were found to be in the range of 13 -40 nm. The crystallite size varies with the temperature and was found to be increased upon increasing annealing temperature. Our results are in agreement as reported earlier [18] .
Conclusion
We have successfully synthesized spinelLiMn 2 
